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Basic  aluminium  sulphate,  its  manufacture  and  use. 

The  present  invention  relates  to  an  aluminium  sulphate 
composition  having  a  low  sulphate  content  and  being  of  the 
type 

in which x is 1.51-2.0; y is 0.5-0.75; x + 2y = 3, and zis 1.5 
-  4  when  the  composition  is  in  solid  form.  The  composition 
has  charge-neutralizing  properties  in  colloidal  systems  and 
can  be  used  as  a  flocculating  agent  in  water-purifying 
processes,  a  retention  agent  in  paper-manufacturing  proces- 
ses,  and  an  agent  for  de-watering  vegetable  material.  The 
product  according  to  the  invention  enables  water  to  be 
purified  a  number  of  times  without  requiring  appreciable 
increase  in  the  sulphate-ion  concentration. 



Technica l   F i e l d  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  bas ic   aluminium  s u l p h a t e   w h i c h ,  

in  aqueous  s o l u t i o n ,   p roduces   p o s i t i v e l y   charged  p o l y n u c l e a t e   com- 

plexes   having  c h a r g e - n e u t r a l i s i n g   p r o p e r t i e s   in  systems  c o n t a i n i n g  

suspended  or  c o l l o i d a l ,   n e g a t i v e l y   charged  p a r t i c l e s ;   the  m a n u f a c -  

ture   of  such  bas ic   a luminium  s u l p h a t e   and  the  use  t h e r e o f .  

The  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  provide   a  basic   a l u m i n i u m  

s u l p h a t e   which  has  a  high  a luminium  c o n t e n t   and  a  high  p o l y n u c l e a t e  

number,  and  which  can  be  d i s s o l v e d   in  s o l i d   form  in  water   to  f o r m  

an  aqueous  s o l u t i o n   having  c h a r g e - n e u t r a l i s i n g   p r o p e r t i e s .  

Background  A r t  

A  number  of  a luminium  p r o d u c t s   are  known  which  c o n t a i n   p o l y n u c l e a t e  

a l u m i n i u m  i o n s   in  s o l u t i o n .   These  p roduc t s   have  been  developed  as  a  

r e s u l t   of  the  demand  for   more  e f f e c t i v e   chemica l s   for  w a t e r - p u r i f y -  

ing,  p a p e r - s i z i n g   and  p l a n t - d e w a t e r i n g   p r o c e s s e s ,   for  example.   Be-  

cause  of  the  high  charge   of  the  metal  ions ,   the  p r o p e r t i e s   e x h i b i t e d  

by  the  p o l y n u c l e a t e   p r o d u c t s   are  f a r   s u p e r i o r   when  used  w i t h i n   t h e  

a f o r e m e n t i o n e d   t e c h n i c a l   f i e l d s   than  the  mononuclea te   compounds  p r e -  

v i o u s l y   used.  The  aluminium  p r o d u c t s   developed  with  the  aim  of  im-  

proving  e f f i c i e n c y   in  the  a f o r e m e n t i o n e d   f i e l d s   of  use  are  p r i n c i p .  

a l l y   of  t w o  d i f f e r e n t   k inds ,   namely  c h l o r i d e - b a s e d   bas ic   A l - c o m p o u n d s  

and  s u l p h a t e - b a s e d   bas ic   Al-compounds .   Of  the  f i r s t   ment ioned  g r o u p  .  

the re   was  f i r s t   deve loped   a  po lya lumin ium  c h l o r i d e   (PAC)  of  the  g e n e r a l  

f o r m u l a  

where x  i s  <   3  normal ly   1 - 2 . .  

These  compounds  and  t h e i r   m a n u f a c t u r e   are  d e s c r i b e d   in,  for  e x a m p l e ,  



SE,B,  7201333-7,   SE,B,  7405237-4,   SE,B,  7412965-1,   SE,B,  7 5 0 3 6 4 1 - 8  

and  DE,A,  2630768.  A  common  f e a t u r e   of  these   a l u m i n i u m - c h l o r i d e   c o n -  

t a i n i n g   c o m p o s i t i o n s   of  the  PAC-type  based  on  p o l y n u c l e a t e   c o m p l e x e s  

is  t h a t   the  methods  r e q u i r e d   to  produce   s o l u t i o n s   which  are  e f f e c -  

t i v e ,   i n t e r   a l i a ,   in  p u r i f y i n g   wa te r ,   a re   ex t remly   c o m p l i c a t e d ,   a n d  

c o n s e q u e n t l y   the  c o s t   of  the  s o l u t i o n s   is  r e l a t i v e l y   high  v i s - a - v i s  

the  e f f e c t   o b t a i n e d .  

The  second  type  of  a l u m i n i u m - c h l o r i d e   s o l u t i o n s ,   PALC,  which  are  a l s o  

based  on  the  same  p o l y n u c l e a t e   complexes   have  general   summary  f o r m u l i  

which  can  be  w r i t t e n   a s  

where  A  is  a l k a l i   m e t a l ,   and  

where  B  is  an  a l k a l i   e a r t h - m e t a l ,  n   is  a  p o s i t i v e   i n t e g e r   and  x   is  a n  

i n t e g e r   in  the  range  1  -   2 . 7 .  

P o l y n u c l e a t e   a l u m i n i u m - c h l o r i d e   s o l u t i o n s   of  the  PALC-type  are  d e -  

s c r i b e d   in  FR,Al,  7512975,  a c c o r d i n g   to  which  the  s o l u t i o n s   are   p r e -  

pared  by  a l k a l i s i n g   a l u m i n i u m - c h l o r i d e   s o l u t i o n s   with  s o l u t i o n s   o f  

a l k a l i   hyd rox ide .   According  to  t h i s   r e f e r e n c e ,   however,  i t   is  n o t  

p o s s i b l e   to  produce  c l e a r ,   s t a b l e   s o l u t i o n s   o the r   than  when  p r e -  

par ing   h igh ly   d i l u t e d   s o l u t i o n s .   By  " s t a b l e   s o l u t i o n "   is  meant  h e r e  

and  in  the  f o l l o w i n g   a  s o l u t i o n   whose  c o m p o s i t i o n   and  p r o p e r t i e s  

wil l   not  change  when  the  s o l u t i o n   is  s t o r e d   for   a  long  per iod   o f  

t ime.   For  example,   i t   is  s t a t e d   in  the  a f o r e m e n t i o n e d   r e f e r e n c e  

t h a t ,   under  s p e c i a l   c o n d i t i o n s ,   t h e r e .  c a n   be  ob ta ined   a  s o l u t i o n  

with  up  to  0.40  moles  Al  per  l i t r e .   This  s o l u t i o n ,   which  has  a  h i g h -  

ly  l i m i t e d   s t a b i l i t y ,   must  be  i n j e c t e d   d i r e c t l y   into  the  water   t o  

be  p u r i f i e d .   It  is  c l e a r   from  the  r e f e r e n c e ,   and  in  p a r t i c u l a r   f r o m  

the  Examples  t h e r e i n ,   t ha t   s o l u t i o n s   where  the  aluminium  c o n c e n t r a -  

t ion   is  h igher   than  about   0.1  mole/ l   c anno t   b e  e x p e c t e d   to  be  e f f e c -  

t i v e   and  s t a b l e   with  the  known  P A L C - s o l u t i o n s - d e s c r i b e d   in  the  r e f e r -  

e n c e .  



The  f i r s t   ment ioned   type  of  aluminium  p roduc t   (PAC)  is  p a r t i c u l a r l y  

e x p e n s i v e   to  p roduce ,   due  to  the  c o m p l i c a t e d   m a n u f a c t u r i n g   p r o c e d u r e s  

r e q u i r e d .   The  o t h e r   type  of  a luminium  p roduc t   (PALC)  can  be  p r o d u c e d  

more  c h e a p l y ,   but  is  l e s s   e f f e c t i v e .  

S u l p h a t e - b a s e d   bas i c   Al-compounds  are  d e s c r i b e d   in  EP,A,  7 9 8 5 0 0 3 9 - 4 ,  

.EP,A,  80850033-4  and  SE,A,  8 1 0 1 8 3 0 - 1 .  

These   p r o d u c t s   c o n t a i n ,   to  a  g r e a t e r   or  l e s s e r   e x t e n t ,   p o l y n u c l e a t e  

metal  ions  in  s o l u t i o n s ,   and  are  thus  an  e f f e c t i v e   w a t e r - p u r i f y i n g  

agen t .   The  s u l p h a t e - b a s e d   p roduc t s   can  a l so   be  used  for  p u r p o s e s  

o t h e r   than  p u r i f y i n g   w a t e r ,   s ince   the  p r e sence   of  the  p o l y n u c l e a t e  

metal  ions  enab l e s   d e s i r e d   e f f e c t s   to  be  a c h i e v e d .  

Such  a p p l i c a t i o n s   i n c l u d e ,   for  example,   the  s i z i n g   of  paper  in  p a p e r -  

m a n u f a c t u r i n g   p r o c e s s e s ,   in  which  an  a luminium  s u l p h a t e   and  a  r e s i n  

a d h e s i v e   are  added  to  the  s t ock ,   the  a d h e s i v e   being  f ixed   to  t h e  

f i b r e s   in  a  l a t e r   m a n u f a c t u r i n g   s t a g e ,   with  the  aid  of  the  a l u m i n i u m  

s u l p h a t e .   In  t h i s   r e s p e c t ,   i t   has  been  found   t h a t   p o l y n u c l e a t e   s u l -  

p h a t e - b a s e d   Al-compounds  are  s u p e r i o r   to  m o n o n u c l e a t e   A l - s u l p h a t e .  

P o l y n u c l e a t e   s u l p h a t e - b a s e d   Al-compounds  are  a l so   e x c e l l e n t   r e t e n -  

t i on   a g e n t s ,   i . e .   agen t s   which  i n c r e a s e   the  amount  of  so l id   m a t e r i a l  

r e t a i n e d   on  a  paper   web,  i . e .   such  m a t e r i a l   as  f i l l i n g   agents   and 

f i b r e s .   In  c e r t a i n   c a s e s ,   however,  i t   is  d e s i r a b l e ,   and  also  n e c e s -  

sa ry ,   to  l i m i t   the  supply   of  s u l p h a t e   ions  as  f a r   as  p o s s i b l e   i n  

a p p l i c a t i o n s   w i t h i n   the  a f o r e m e n t i o n e d   f i e l d s   of  use,  and  p a r t i c u l a r -  

ly  when  p u r i f y i n g   d r i n k i n g   water .   This  is  of  p a r t i c u l a r   i m p o r t a n c e  .  

in  systems  which  are  used  and  c l e a n s e d   a  r e p e a t e d   number  of  t i m e s ,  

to  e l i m i n a t e   the  r i s k   of  s u l p h a t e   a c c u m u l a t i n g   in  body  t i s s u e s   a n d ,  

from  the  a s p e c t   of  c o n c r e t e   c o r r o s i o n ,   in  the  wa te r .   For  e x a m p l e ,  

t h i s   a p p l i e s   to  c e r t a i n   w a t e r - p u r i f y i n g   sys tems  where  water  is  a 

sca rce   commodity,  n e c e s s i t a t i n g   the  water  to  be  used  for  as  long  a s  

p o s s i b l e   between  i n t e r m e d i a t e   p u r i f y i n g   o p e r a t i o n s .   After  p u r i f y i n g  

such  water  10  t imes  with  c o n v e n t i o n a l   A l - s u l p h a t e   or  c o m p o s i t i o n s  

with  c o r r e s p o n d i n g   s u l p h a t e   c o n t e n t s   (FALS),  the  s u l p h a t e   c o n t e n t  



of  the  water   wi l l   be  so  g r e a t   t h a t  t h e   water   wil l   a t t a c k   the  w a t e r -  

p i p i n g - s y s t e m ,   to  cause  t r o u b l e s o m e   l e a k s .   The  problems  a r i s i n g   f r o m  

the  e n r i c h m e n t   of  s u l p h a t e   ions  are  now  a l so   p r e v a l e n t   in  the  manu-  

f a c t u r e   of  paper ,   where  for   e n v i r o n m e n t a l   r e a s o n s ,   the  w a t e r - c o n v e y -  

ing  system  i s ,   to  a  g r e a t   e x t e n t ,   c l o s e d .   The  m a n u f a c t u r i n g   p r o c e s s e s  

are   s e r i o u s l y   a f f e c t e d   when  the  amount  of  s a l t s   c o n t a i n e d   i n  t h e  

paper   s tock   are  e x c e s s i v e l y   h i g h .  

The  c h l o r i d e - b a s e d   A l - c o m p o s i t i o n s   of  the  PAC-type  or  PALC-type,  e x -  

h i b i t   a  number  of  d i s a d v a n t a g e s   in  r e l a t i o n   to  the  s u l p h a t e - b a s e d  

c o m p o s i t i o n s ,   of  which  the  most  s e r i o u s   are  the  e x c e s s i v e l y   h i g h  

c o s t s   of  p u r i f y i n g   the  water   with  r e s p e c t   to  the  use  of  PAC-compos i -  

t i o n s ,   and  e x c e s s i v e l y   high  c h l o r i d e   c o n t e n t s   ( twice   t h a t  o f   PAC) 

when  using  PALC-compos i t ions ,   which  should   be  avoided   for  e n v i r o n -  

mental   r e a s o n s .   Because  of  the  c o r r o s i o n   r i s k s   i n v o l v e d ,   the  c h l o -  

r i d e - b a s e d   aluminium  compounds  are  not  s u i t e d   for   use  in  p a p e r -  

m a n u f a c t u r i n g   p r o c e s s e s .  

The  US  P a t e n t   S p e c i f i c a t i o n   No.  4 , 238 ,347   d e s c r i b e s   p roduc t s   with  a  

lower  s u l p h a t e   c o n t e n t   than  PALS  above.  These  p r o d u c t s   could  r e p r e -  

s e n t   an  a t t r a c t i v e   a l t e r n a t i v e   to  the  a f o r e - d e s c r i b e d   s u l p h a t e - b a s e d  

Al-compounds  when  the  s u l p h a t e   c o n t e n t   c o n s t i t u t e s   a  problem  a f t e r  

t r e a t m e n t ,   p rov ided   t h a t   the  s o l u t i o n s   c o n t a i n   s u f f i c i e n t   p o l y n u -  

c l e a t e s   to  produce  a  comparab le   r e s u l t .   The  p r o d u c t s ,   however,  h a v e  

an  0 H / A l - r a t i o   of  up  to  only  1 .5 ,   r e s t r i c t e d   to  1.3  for   p r a c t i c a l  

use.   This  means  t h a t   the  p roduc t   has  f a r   l e s s   p o l y n u c l e a t e s   t h a n ,  

for   example,   the  s u l p h a t e - b a s e d   p roduc t   d e s c r i b e d   in  SE,A, 

8101830-1 ,   ment ioned  above,   and  is  thus  l e s s   e f f e c t i v e   than  s a i d  

p r o d u c t ,   which  means  t h a t   h ighe r   q u a n t i t i e s   must  be  added  and  t h a t  

the  use  of  said  p roduc t   is  more  expens ive   and  does  not  reduce  t h e  

s u l p h a t e   c o n t e n t   to  the  same  e x t e n t .  

D i s c l o s u r e   of  the  p r e s e n t   i n v e n t i o n  

It   has  n o w  s u r p r i s i n g l y   been  found  p o s s i b l e   to  produce  a  s u l p h a t e -  

based  s u l p h a t e - p o o r   p roduc t   having  a  degree  of  p o l y n u c l e a t i o n   g r e a t -  

er  than  1 . 5 .  



The  novel  p roduc t   a c c o r d i n g   to  t h e  i n v e n t i o n   is  c h a r a c t e r i z e d   i n  

t h a t   i t   compr i se s   a  compound  of  the  f o r m u l a  

in  which  x  is  1 .51-   2 . 0 ;  

y  is  0 . 5  -   0 . 7 5 ;  

x  +  2 y  =  3  

z  is  1 . 5  -  4 ,   s u i t a b l y   1 . 5  -   3 . 0  

when  the  p roduc t   is  in  a  so l id   fo rm 

P r e f e r a b l y   x  =  1 . 6  -  1 . 8 ;  

y =  0 . 6  -   0 .7;   a n d  

z  =  2 . 0  -  2 . 5  

When  the  p roduc t   is  in  a  so l i d   f o r m ,  z   is  1 . 5  -   4,  while  when  t h e  

p roduc t   is  in  aqueous  s o l u t i o n  z   i s  )   4,  whi le   the  x-  and  y - r a n g e s  
remain  u n c h a n g e d .  

The  compound  e x i s t s   in  the  form  of  a  p o l y n u c l e a t e   complex  in  a q u e o u s  

s o l u t i o n ,   and  should  a l so   be  in  the  same  form  in  the  so l id   p r o d u c t .  

P r e f e r r e d   method  of  c a r r y i n g   out  the  i n v e n t i o n  

The  compound  a c c o r d i n g   to  the  i n v e n t i o n   can  be  prepared   as  f o l l o w s ;  

A  bas ic   a l u m i n i u m - s u l p h a t e   s o l u t i o n   is  p r e p a r e d   by  p r e c i p i t a t i n g   s u l -  

phate   from  an  a l u m i n i u m - s u l p h a t e   s o l u t i o n   by  adding  calcium  h y d r o x i d e ,  

w h e r e a f t e r   the  r e s u l t a n t   p r e c i p i t a t e ,   in  the  form  of  CaS04  x  2H20,  

gypsum,  is  f i l t e r e d   o f f .  

The  s u l p h a t e   ions  can  be  p r e c i p i t a t e d   by  means  of  any  a c i d - s o l u b l e  

Ca-compound,  which  s e p a r a t e s   while  forming  OH,  and  also  by  means  o f  

any  c o r r e s p o n d i n g   barium  and  s t r o n t i u m   compound.  Thus,  CaO,  CaC03 

and  Ca(OH)2,  or  c o r r e s p o n d i n g   barium  or  s t r o n t i u m   compounds,  can  b e  

used,   a l t hough   Cao  and  Ca(OH)2  are  p a r t i c u l a r l y   p r e f e r r e d ,   e s p e c i a l l y  

when  c o n c e n t r a t e d   s o l u t i o n s   are  p roduced ,   which  c o n c e n t r a t e d   s o l u -  

t i o n s   are  to  be  p r e f e r r e d   per  s e .  



It   is  only   n e c e s s a r y   to  add  small  q u a n t i t i e s   of  water   to  the  i n g o i n g  
r e a c t a n t s   du r ing   the  p r o c e s s ,   in  o rde r   to  produce  s o l u t i o n s   with  a 

h igh ly   c o n c e n t r a t e d   a luminium.   Thus,  the  i n g l i n g   lime  in  the  water   i s  

s l u r r i e d   to  a  manageable   c o n s i s t e n c y ,   by  which  is  meant  r a t i o s   of  1 :1  

between  Ca0  and  H20.  A  minor  q u a n t i t y   of  ingoing   aluminium  s u l p h a t e  

is  s l u r r i e d   in  water   in  the  r e a c t i o n   v e s s e l ,   whi le   being  v i g o u r o u s l y  

a g i t a t e d   to  form  a  s l u r r y ,   w h e r e a f t e r   the  lime  s l u r r y   and  so l i d   a l u -  

minium  s u l p h a t e   is  added  to  the  s l u r r y   p r o g r e s s i v e l y   and  b a t c h w i s e ,  

or  c o n t i n u o u s l y   and  s i m u l t a n e o u s l y .   When  adding  the  lime  s l u r r y   a n d  

s o l i d   a luminium  s u l p h a t e ,   the  pH  of  the  s o l u t i o n   should  be  kept  a s  

low-as  p o s s i b l e ,   pH  < 4,  to  e l i m i n a t e   the  r i s k   of  p r e c i p i t a t i n g   a l u -  

minium  h y d r o x i d e ,   A1(OH)3.  The  r e a c t i o n   between  aluminium  s u l p h a t e  

and  lime  r e l e a s e s   the  combined  wa te r ,   in  a c c o r d a n c e   with  the  f o l -  

lowing  r e a c t i o n   f o r m u l i ,   which  exempl i fy   p r e c i p i t a t i o n   of  ha l f   t h e  

s u l p h a t e ;  

where  xH2O  i n d i c a t e s   the  o p t i o n a l   a d d i t i o n   of  w a t e r .  

Thus,  in  the  example,   for   each  Ca  t h e r e   is  r e l e a s e d   22 3  H20  p r e s e n t  

as  a  s o l v e n t   in  the  f i na l   p r o d u c t ,   from  which  fo l l ows   t h a t   the  amoun t  

of  water   used  when  s l u r r y i n g   the  lime  sha l l   be  as  small  as  p o s s i b l e .  

The  p roces s   is  a lso   exo the rmic   through  n e u t r a l i s a t i o n   hea t ,   and  c a n  

t h e r e f o r e   be  c a r r i e d   out  w i t h o u t   supp ly ing   heat   from  e x t e r n a l  

s o u r c e s .   Because,   i n t e r   a l i a ,   of  the  ambient   c o n d i t i o n s ,   howeve r ,  

i t   is  p r e f e r r e d   to  supply   h e a t .  

In  the  t e m p e r a t u r e   range  70 -   90°C  the  C a S O 4 - p r e c i p i t a t e   is  l e s s  

vo luminous ,   with  b e t t e r   f i l t e r i n g   p r o p e r t i e s .   This  e x p l a i n s ,   among 

o the r   t h i n g s ,   the  reason  for  supp ly ing   heat   to  the  p rocess ,   the  t e m -  

p e r a t u r e   p r e f e r a b l y   being  ma in t a ined   at  about   80°C.  At  room  t e m p e r -  

a t u r e ,   the  s o l u t i o n   has  a  high  v i s c o s i t y   and  is  t h e r e f o r e   p r e f e r -  

ably  f i l t e r e d   at  a  t e m p e r a t u r e   of  80°C.  The  f i l t e r i n g   process   i s  

s u i t a b l y   a  p r e s s u r e - f i l t e r   p r o c e s s ,   s ince   vacuum  f i l t e r i n g   r e s u l t s  



in  u n d e s i r a b l e   b o i l i n g   of  the  s o l u t i o n ,   r e s u l t i n g   in  u n c o n t r o l l e d  

c o n c e n t r a t i o n .  

The  a f o r e g o i n g   d e s c r i b e s   a  p r e f e r r e d   method  of  m a n u f a c t u r e .   The 

p r o d u c t ,   however,   can  a l so   be  produced  by  m e t e r i n g   dry  lime  to  a 

s l u r r y   c o m p r i s i n g   the  t o t a l   amount  of  wate r   and  aluminium  s u l p h a t e .  

The  r e s u l t a n t   gypsum  p r e c i p i t a t e   is  g r a n u l a r ,   because   gypsum  p r e c i p -  

i t a t e s   onto  the  lime  n u c l e a t e s .  

In  a n o t h e r   method  of  m a n u f a c t u r e ,   the  a f o r e d e s c r i b e d   s l u r r y   of  a l u -  

minium  s u l p h a t e   is  produced  by  mixing  an  u l t i m a t e   p roduc t   s o l u t i o n  

with  s o l i d   aluminium  s u l p h a t e .   In  t h i s   case ,   the  water   is  added  t o  

the  lime  s l u r r y ,   which  as  a  r e s u l t   becomes  t h i n n e r   and  e a s i e r  t o  

h a n d l e ,   a l t h o u g h   because  of  the  g r e a t e r   volume  o b t a i n e d   more  e n e r g y  
is  r e q u i r e d   to  e f f e c t   the  f i l t e r i n g   p r o c e s s .  

Combina t ions   of  the  a f o r e m e n t i o n e d   methods  can  a lso   be  a p p l i e d .  

EXAMPLE  1 

A  bas ic   a luminium  s u l p h a t e   s o l u t i o n   was  p repa red   in  acco rdance   w i t h  

the  p r e f e r r e d   process   d e s c r i b e d   above,   in  which  the  s t a r t i n g   raw  ma-  

t e r i a l   c o m p r i s e d  

Subsequen t   to  r e a c t i n g   these   c o n s t i t u e n t s   at  78°C  t he re   was  o b t a i n e d  

. a  f i n a l   p roduc t   having  the  f o l l o w i n g   d a t a :  



C a S o 4   2H20-was  f i l t e r e d   o f f ,   t h e r e   being  ob t a ined   a  pure,   b a s i c  

aluminium  s u l p h a t e   s o l u t i o n   having  a  d e n s i t y   of  1.285  g / c m 3 .  

When  s t o r e d ,   the  s o l u t i o n   proved  to  be  u n s t a b l e ,   and  the  a l u m i n i u m  

c o m p o u n d  c o n t a i n e d   t h e r e i n   decomposed  to  form  i n s o l u b l e   a l u m i n i u m  

s a l t s .  I t  i s  p o s s i b l e   to  s t a b i l i s e   the  s o l u t i o n ,   however,  by  a d d i n g  

1 . 0  -  2 . 0 %   sodium  h e p t o n a t e ,   (2,  3,  4,  5,  6,  7  -   hexahydroxy  h e p t a -  

noic  acid  sodium  s a l t ) .  

O t h e r  s u i t a b l e   s t a b i l i s i n g   a g e n t s  i n c l u d e   c i t r i c   ac id ,   t a r t a r i c   a c i d  

sodium  c i t r a t e ,   sodium  a c e t a t e ,   sodium  t a r t r a t e ,   sodium  c a r b o n a t e   o r  

c o m b i n a t i o n s   t h e r e o f .   Other  s a l t s   of  c i t r a t e ,   a c e t a t e ,   t a r t r a t e   a n d  

c a r b o n a t e   c a n  a l s o   be  u s e d .  

Using  a  complexforming  s t a b i l i z e r   such  as  c i t r i c   ac id ,   a  c i t r a t e ,  

t a r t a r i c   a c id ,   a  t a r t r a t e   the  s t a b i l i z e r   can  be  added  in  an  amoun t  

c o r r e s p o n d i n g   to  up  to  1/6  of  the  molar  amount  of  aluminium  when 

c i t r i c   acid  is  used  and  up  to  1/4  of  the  molar  amount  of  a l u m i n i u m  

when  t a r t a r i c   acid  is  used.  Other  s t a b i l i z e r s   of  t h e c  @ - h y d r o x y -  

c a r b o l i c   ac id   type  are  l a c t i c   a c id ,   malic  ac id ,   and  g l y c o l i c   a c i d .  

U s i n g  l a c t i c   and  g l y c o l i c   acid  up  to  1/2  of  the  molar  c o n t e n t   of  a l u -  

minium  can  be  used,  and  using  malic   acid  up  to  1/4  of  the  molar  c o n -  

t e n t   of  aluminium  can  be  used.  However,  a  good  s t a b i l i z a t i o n   is  a l s o  

ob t a ined   using  hal f   of  these   amounts ,   e .g.   1/12  mole  of  c i t r i c   a c i d  

per  mole  of  a l u m i n i u m .  

The  6 % - s o l u t i o n   above  can  be  d i l u t e d . d o w n   to  a  c o n c e n t r a t i o n   of  2% 

c a l c u l a t e d   as  A1;  the  lower  c o n c e n t r a t i o n   should  be  avoided  b e c a u s e  

of  e x c e s s i v e l y   reduced  s t a b i l i t y ,   even  when  a  s t a b i l i s i n g   agent   i s  

a d d e d .  

As  b e f o r e m e n t i o n e d ,   the  6 % - s o l u t i o n   is  u n s t a b l e   due  to  the  p r e v a i l i n g  

c o n d i t i o n s   of  e q u i l i b r i u m ,   which  r e s u l t s   in  the  fo rma t ion   of  i n s o l u b l e  

aluminium  compounds  when  the  s o l u t i o n   is  s t o r e d ,   as  mentioned  in  t h e  

a f o r e g o i n g .   The  r a t e   at  which  decompos i t i on   takes  p lace   dur ing  s t o r a g e  



is  d e p e n d e n t   on  t e m p e r a t u r e   and  will   i n c r e a s e   with  i n c r e a s i n g   t e m p e r -  

a t u r e .  

Desp i t e   t h i s ,   however,   i t   is  p o s s i b l e   to  e v a p o r a t e   the  s o l u t i o n   to  a  

s t a b l e ,   s o l i d   dry  p roduc t   which  is  s o l u b l e   in  water   and  which  p r o v i d e s  

s o l u t i o n s   which  are  able   to  m a i n t a i n   t h e i r   p r o p e r t i e s ,   compared  w i t h  

the  o r i g i n a l   s o l u t i o n .   Al though,   the  s t a b i l i t y   may  be  impai red   when 

r e - d i s s o l v i n g   the  so l i d   p roduc t ,   i t   is  s t i l l   f u l l y   s u f f i c i e n t   f o r  

p r a c t i c a l   t e c h n i c a l   use,   for  example  for  a p p l i c a t i o n   to  a  p a p e r -  

making  m a c h i n e .  

The  e v a p o r a t i n g   t e m p e r a t u r e   should  not  exceed  70°C,  and,  in  a d d i t i o n ,  

the  time  taken  to  e f f e c t   the  e v a p o r a t i o n   p rocess   should  be  as  s h o r t  

as  p o s s i b l e ,   through  s e l e c t i o n   of  s u i t a b l e   e v a p o r a t i o n   a p p a r a t u s ,  

such  as  a  t h i n - l a y e r   e v a p o r a t o r   with  good  a i r   v e n t i l a t i o n .   Such  an  

e v a p o r a t o r   p rov ides   a  b r i t t l e   cake,   which  f a l l s   to  p i ece s   to  form  an 

X-ray  amorphous  p r o d u c t .  

When  e v a p o r a t i n g   a  p roduc t   a cco rd ing   to  the  Example,  t h e r e   are  a l s o  

o b t a i n e d   d i f f e r e n t   e n d - p r o d u c t s   in  dry  form,  a c c o r d i n g   to  the  T a b l e  

b e l o w .  



P r o d u c t   4  has  poor  s o l u b i l i t y   due  to  an  e x c e s s i v e l y   high  e v a p o r a t i o n  

t e m p e r a t u r e .  

The  p r o d u c t s   1  -  3   took  from  5  to  10  minutes   to  c o m p l e t e l y   d i s s o l v e  

in  w a t e r ,   whi le   p roduc t   4  took  1  h o u r .  

EXAMPLE  2  . 
There  was  p r epa red   in  a cco rdance   with  Example  1  a  s o l u t i o n   h a v i n g  t h e  

f o l l o w i n g   d a t a :  

The  p r o d u c t s   produced  in  a cco rdance   with  the  i n v e n t i o n   e x h i b i t e d   good 

p r o p e r t i e s   with  r e s p e c t   to  the  n e u t r a l i s a t i o n   of  the  charge  in  c o l -  

l o i d a l   s y s t e m s ,   which  promotes  good  c o a g u l a t i o n   and  rap id   f l o c c u l a -  

t i o n   when  p u r i f y i n g   wate r ,   and  good  r e t e n t i o n   when  m a n u f a c t u r i n g  

pape r .   S ince   the  p roduc t   is  poor  in  s u l p h a t e ,   i t   can  be  used  to  a d -  

v a n t a g e   in  paper -making   i n d u s t r i e s   employing  c lo sed   p u l p - w a t e r   s y s -  

.  t e m s ,   to  e l i m i n a t e   the  u n d e s i r a b l e   a ccumula t ion   of  s u l p h a t e   i o n s .  

E x c e s s i v e   q u a n t i t i e s   of  s u l p h a t e   ions  block  d e s i r e d   s u r f a c e - c h e m i c a l  

r e a c t i o n s .  

The  a luminium  s u l p h a t e   acco rd ing   to  the  i n v e n t i o n   can  be  used  as  a 

w a t e r - p u r i f y i n g   agent   for  producing  d r i nk ing   water   from  crude  w a t e r  

or  for   p u r i f y i n g   sewage  water   p r io r   to  r e l e a s i n g   said  water   to  a  r e -  

c i p i e n t ,   sa id   aluminium  s u l p h a t e   being  used  in  an  amount  of  15-2000  

g/m3  w a t e r .  



The  aluminium  s u l p h a t e   can  a l so   be  used  as  a  r e t e n t i o n   agen t   i n  

p a p e r - m a n u f a c t u r i n g   p r o c e s s e s ,   the  amount  of  a luminium  s u l p h a t e   u s e d  

being  0 . 5  -   25  kg / ton   p a p e r .  

The  aluminium  s u l p h a t e   can  a l so   be  used  as  a  means  for   d e - w a t e r i n g  

v e g e t a b l e   m a t e r i a l ,   such  as  d e - w a t e r i n g   beet   pu lp ,   the  a l u m i n i u m  

s u l p h a t e   being  used  in  an  amount  of  200-500  g / t on   of  ingoing   wet  r aw 

p r o d u c t .  



1.  A  bas ic   a luminium  s u l p h a t e  w h i c h   p r o v i d e s   in  aqueous  s o l u t i o n  

charged   p o l y n u c l e a t e   complexes  having  c h a r g e - n e u t r a l i z i n g   p r o p e r t i e s  

in  sys tems  c o n t a i n i n g   suspended  or  c o l l o i d a l   n e g a t i v e l y   charged  p a r -  
t i c l e s ,   c h a r a c t e r i z e d   in  t h a t - i t   c o n t a i n s   a  complex  compound  of  t h e  

f o r m u l a  

in  which  x  is  1 .51 -   2 . 0 ;  

y  is  0 . 5  -  0 . 7 5 ;  

x + 2 y  =  3 ;   and  

z  is  1 . 5  -   4  when  the  s u l p h a t e   is  in  so l id   form;  and  

z  i s  »  4   when  the  s u l p h a t e   is  in  the  form  of  an  aqueous  s o -  

l u t i o n .  

2.  An  a luminium  s u l p h a t e   acco rd ing   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t  

about   60  to  80%  of  the  aluminium  c o n t e n t   is  in  p o l y n u c l e a t e   complex  

f o r m .  

3.  An  a luminium  s u l p h a t e   acco rd ing   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t  

the  a luminium  c o n t e n t   in  aqueous  s o l u t i o n   is  2  -   7%. 

4.  An  a luminium  s u l p h a t e   acco rd ing   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t  

x  is  1 . 6  -   1 . 8 ;  

y  is  0 . 6  -   1 . 7 ,  

x+2y  is  3 .0 ,   w h e r e a t  

z  is  2 . 0  -   2.5  when  the  s u l p h a t e   is  in  s o l i d   form,  and  

z  i s  »  4   when  the  s u l p h a t e   is  in  the  form  of  an  a q u e o u s  

s o l u t i o n .  

5.  An  a luminium  s u l p h a t e   accord ing   to  c la ims  1-4,  c h a r a c t e r i z e d   i n  

t h a t   the  a luminium  s u l p h a t e   is  s t a b i l i z e d   with  one  or  more  of  t h e  

compounds  of  the  group  c o n s i s t i n g   of  c i t r i c   ac id ,   t a r t a r i c   a c i d ,  



l a c t i c   a c id ,   mal ic   a c i d ,   g l y c o l i c   a c i d ,   and  t h e i r   s a l t s ,   a c e t a t e s   a s  

sodium  a c e t a t e ,   c a r b o n a t e s   as  sodium  c a r b o n a t e   and  h e p t o n a t e s   a s  

sodium  h e p t o n a t e .  

6.  The  use  of  an  aluminium  s u l p h a t e   a c c o r d i n g   to  one  or  more  o f  

Claims  1 -   5  as  a  w a t e r - p u r i f y i n g   a g e n t .  

7.  The  use  of  an  a l u m i n i u m  s u l p h a t e   a c c o r d i n g   to  one  or  more  o f  

Claims  1  -   5  as  a  r e t e n t i o n   agent   in  p a p e r - m a n u f a c t u r i n g   p r o c e s s e s .  

8.  The  use  of  an  aluminium  s u l p h a t e   a c c o r d i n g   to  one  or  more  o f  

Claims  1 -   5  as  a  d e - w a t e r i n g   agen t   for  v e g e t a b l e   m a t e r i a l .  
, 

9.  A  method  for   p roducing   a  bas ic   aluminium  s u l p h a t e   acco rd ing   t o  

Claims  1  -   5,  c h a r a c t e r i z e d   by  r e a c t i n g   aluminium  s u l p h a t e   with  CaO, 

Ca(C03)2  or  Ca(OH)2  i n  a q u e o u s   s o l u t i o n   at   a  pH  lower  than  4 ;  

w h e r e a f t e r   the  r e s u l t a n t   C a S 0 4 - p r e c i p i t a t e   is  s e p a r a t e d   and  t h e  

s o l u t i o n ,   if  so  d e s i r e d ,   e v a p o r a t e d   to  ob t a in   a  so l id   p r o d u c t .  

10.  A  method  a c c o r d i n g   to  Claim  9,  c h a r a c t e r i z e d   in  t h a t   the  r e a c t i o n  

is  c a r r i e d   out  at  a  t e m p e r a t u r e   of  70 -   90°C.  

11.  A  method  a cco rd ing   to  Claims  9  -   10,  c h a r a c t e r i z e d   in  tha t   a 

l i m e - w a t e r - s l u r r y   and  so l id   aluminium  s u l p h a t e   are  added  to  par t   o f  

the  aluminium  s u l p h a t e   in  the  form  of  an  aqueous  s l u r r y .  
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